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SIMURY 

Aic£oil characteristics varied systeaatically over the range of test condi- 
tions and behaved in a conventionally accepted Banner. The ■axiaum Measured 
lift coefficient was about 2.2 and occurred near M > 0.15 at a Reynolds nua- 
ber of 12.0 x 10^. The variation of lift with angle of attack at the lower 
Mach numbers and at all Reynolds numbers exhibited behavior generally associ- 
ated with gradual trailing-edge separation in the prestall angle-of-attack 
range, but the stall itself was aore abrupt than would be expected of classical 
trailing-edge stall. The stall became more gradual at the higher Mach numbers. 
Drag remained essentially constant over a lift range which extended from near 
zero to beyond the design lift coefficient of 0.7 for a constant Reynolds num- 
ber with fixed transition. 


INTRODUCTION 

Continued development of supercritical airfoil technology has resulted in 
the design of family-related phase 2 supercritical airfoils. Two such airfoils, 
10- and 14-percent-thick, designed for a lift coefficient of 0.7 have been 
tested at transonic speeds in the Langley 8-Foot Transonic Pressure Tunnel, 
and the results were reported in references 1 and 2. 

The 14-percent- thick airfoil has also been tested at low speeds in the 
Langley Low-Turbulence Pressure Tunnel, and the results are presented herein. 
Included are the effects of varying Reynolds number from 2.0 x 10^ to 18.0 x 10^ 
at a Mach number of 0.15 and the effects of varying Mach number from 0.10 to 0.32 
at a Reynolds number of 6.0 x lO®. 


SYMBOLS 

Values are given in the International System of Units (SI) and in U.S. Cus- 
tomary Units. Measurements and calculations were made in U.S. Customary Units. 

p - p 

Co pressure coefficient, ^ 

^p, sonic pressure coefficient corresponding to local Mach number of 1.0 
c chord of airfoil, cm (in.) 

Cq section chord- force coefficient. 



<=d 


section drag coefficient determined from wake measurements. 


J 


'wake 




c<j’ 




point drag coefficient (ref. 3) 

section lift coefficient, c^Ccosa) * c^Csina) 

section pitching-snaent coefficient about quarter-chord point, 

section noraal-force coefficient, 4^ Hi) 


h vertical distance in wake profile, ca (in.) 

2 ®2 

- section lift-drag ratio, — i- 

d ca 

N free-strean Mach number 

p static pressure. Pa (Ibf/ft^) 

q dynamic pressure. Pa (Ibf/ft^) 

R Reynolds number based on free-strcMtt conditions and airfoil chord 

t airfoil thickness, cm (in.) 

X ed>scissa measured along airfoil reference line from airfoil leading 

edge, cm (in.) 

y spanwise distance from centerline of tunnel, cm (in.) 

z ordinate measured normal to airfoil reference line, cm (in.) 

Zq ordinate of airfoil mean line, cm (in.) 

a angle of attack, deg 

Subscripts: 

I lower surface 

max maximum 


min minimum 

u upper surface 

00 free-stream conditions 
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Airfoil designations! 


SCO) -071 4 


suparcr itical (^hase 1) 
1 4-percant-thick 


-0.7 design lift coefficient. 


SC (2) -071 4 


supercritical (pT^ase 2) -0.7 design lift coefficient* 
1 4-percent- thick 


AIRFOIL OBVBLOPHBNT 

A concerted effort within the National Aeronautics and Space Adainistra- 
tion (NASA) over the past several years has been directed toward devel< 9 ing 
practical two-dis«naianal airfoils with good transonic behavior while retain- 
i'lg acceptable low-speed characteristics and has focused on a concept referred 
to as the supercritical airfoil. 

An early phase of this effort was successful in significantly extending 
drag-rise <^aracteristics beyond those of conventional airfoils. (See ref. 4.) 
These early supercritical airfoils (denoted by supercritical (phase 1) prefix), 
however, experienced a gradual increase of drag (drag creep) at Mach nuabers 
just preceding the final drag rise. This gradual buildup of drag was largely 
associated with an interaediate off-design second velocity peak (an accelera- 
tion of the flow over the rear portion of the airfoil just before the final 
recoapression at the trailing edge) and relatively weak shock waves above the 
upper surface at these speeds. (See, for example, ref. 5.) 

laproveaents to these early, phase 1 airfoils resulted in airfoils with 
significantly reduced drag creep characteristics. (See, for exaaple, refs. € 
and 7.) These early phase 1 airfoils and the is^roved phase 1 airfoils of ref- 
erences 6 and 7 were developed before adequate theoretical analysis codes were 
available and resulted from iterative contour modifications during wind-tunnel 
experiments. The process consisted of evaluating experimental pressure distri- 
butions at design and off-design conditions and physically altering the airfoil 
profiles to yield the best drag characteristics over a range of test conditions. 

During the experimental development of these phase 1 airfoils, design cri- 
teria were recognised which provided guidelines for the design of supercritical 
airfoils and are briefly discussed in references 1 and 2. Based on tiiese cri- 
teria, two phase 2 (denoted by supercritical (phase 2) prefix) supercritical 
airfoils were designed: the 1 0-percent- thick airfoil reported in reference 1 

and the 1 4-percent-thick airfoil reported in reference 2. The design lift 
coefficient was 0.7 for both airfoils. An iterative design process was used 
whic^ consisted of altering the airfoil coordinates until the recently devel- 
oped, viscous, airfoil analysis program of reference 8 indicated that the 
design criteria had been satisfied. 
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APPAIATUS AND PBOCBDORBS 


Hodel 

Geonetric diaracteristics of the SC (2) -071 4 aodel ace presented in fig- 
ure 1 , and section coordinates are presented in table I. 

The model was constructed with a metal core around which plastic fill 
and two thin layers of fiberglass were used to form the contour of the airfoil. 
Orifice holes of 0.10-cm (0.040-in.) diameter were drilled perpendicular to 
the model surface into embedded pressure tubes. The model had a chord of 61 cm 
(24 in.) and a span of 91 cm (36 in.). The airfoil surface was sanded in the 
chordwise direction with number 400, dry silicon-carbide paper to provide an 
aerodynamically smooth finish. The model contour accuracy was generally v Jiin 
10.10 am (to. 004 in.). 


Wind Tunnel 

The Langley Low-Turbulence Pressure Tunnel (ref. 9) is a cl sed-throat, 
single-return tunnel which can be operated at stagnation pressures from 10.1 to 
1010 kPa (0.1 to 10 atm) with tunnel-«^pty test-section Mach numbers up to 0.42 
and 0.22, respectively. The maximum unit Reynolds number is about 49.0 x 10^ 
per meter (15.0 x io^ per foot) at a Mach number of about 0.22. The tunnel 
test section is 91 cm (3 ft) wide by 229 cm (7.5 ft) high. 

Hydraulically actuated circuleur plates provide posit- >ning and attachment 
for two-dimensional models. The plates are 102 cm (40 in.) in diameter, rotate 
with the airfoil, and are flush with the tunnel wall. Rectangular model attach- 
ment plates in the circular plates hold the model in such a way that the center 
of rotation for angle-of-attack adjustment was at 0.25c on the model reference 
line. 


A sketch showing the relationship betifeen the ends of the model, the tun- 
nel walls, the model attachMnt plates, and the rotating circular plates is 
shown in figure 2. With this mounting system, the model completely spans the 
tunnel with each aid confined in a recess in the tunnel sidewall. At the side- 
walls, inside joint seams between mating pieces were sealed and faired smooth 
with model plastic and sileistic rubber to minimize the effect of air leakage. 


Measurements 

Surface-pressure measurements .- Static pressures were measured on the 
surface of the model and used to determine local surface-pressure coefficients. 
The surface-pressure measurements were obtained from a chordwise row of orifices 
located approximately 5 cm (2 in.) from the tunnel centerline. Orifices were 
concentrated near the leading and trailing edges of the airfoil to define the 
pressure gradients in these regions, and a rearward-facing orifice was included 
in the trailing edge. In eiddition, three spanwise rows of orifices, located at 
1-, 10-, and 75-percent chordwise stations, were included to establish the two 
dimensionality of the flow over the model. 
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Wake ■easureaent .- Drag forces acting on the airfoil, as deternined by the 
■sosientum deficiency within the wake, were derived frosi vertical variations of 
the total and static pressures aeasured across the wake with the wake survey 
rake shown in figure 3. The fixed rake, Mounted froa the tunnel sidewall, was 
positioned in the vertical centerline plane of the tunnel, one diord-length 
behind the trailing edge of the sodel. The total-pressure tubes were 0.15 cm 
(0.060 in.) in diaaeter and the static-pressure tubes were 0.32 cm (0.125 in.) 
in diaaeter. • 

The total-pressure tubes were flattened to 0.10 cm (0.040 in.) for 0.61 cm 
(0.24 in.) from the tip of the tube. The static-pressure tubes each had four 
flush orifices, drilled 90*^ apart, located eight tube diaaeters froa the tip of 
the tube In the neasur^ent plane of the total-pressure tubes. 


Instruaentatior 

Measuroaents of the static pressures on the airfoil surfaces and the wake 
pressures were aade by an autosMtic pressure-scanning systos utilizing variable- 
capacitance-type precision transducers. Basic tunnel pressures were saasured 
with precision quartz manometers. Angle of attack was aeasured with a cali- 
brated digital shaft encoder operated by a pinion gear and rack attached to the 
circular aodel attachaent plates. Data trere obtained by a high-speed acquisi- 
tion system and recorded on magnetic tape. 


Reduction of Data and Corrections 

Calculation of Cg, Cp, and Cm. - Section chord-force, normal-force, and 
pitching-moment coefficients were obtained by numerical Integration (based on 
the trapezoidal method) of the local surface-pressure coefficient measured at 
each orifice multiplied by an ai^ropriate weighting factor (incremental area). 

Calculation of c^ .- To obtain section drag coefficients, point drag 
coefficients were computed for each total-pressure measurement in the wake by 
using the procedure of reference 3. These point drag coefficients were then 
sumned by numerical irtegration across the wake, again based on the trapezoidal 
method. 

Corrections for wind-tunnel-wall effects .- In the linear portion of the 
lift curve, corrections for lift effects and solid and wake blockage based on 
references 10 and 11 are small, on the order of 2-percent or less, and are 
usually neglected. As the model approaches maximum lift conditions where the 
lift characteristics become nonlinear and the viscous effects become signifi- 
cant, the assumptions underlying the corrections based on references 10 and 
11 begin to break down and become inadequate. For these reasons, the data 
presented herein is uncorrected for tunnel-wall effects. Figure 4 is presented, 
however, to indicate the effect corrections would have on the aerodynamic char- 
acter Isticc if they were applied. 
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7ZST CONDITIONS 


Tests were conducted over a range of Reynolds numbers based on the 'nodel 
chord froB about 2.0 x 10^ to 18.0 x 10^ at a Nach nuadaer of 0.15. Nach number 
was also varied frcn about 0.10 to 0.32 at a Reynolds nusdaer of $.0 x io^. The 
airfoil was tested smooth (natural transition) and with transition trips fixed 
along the 5-percent chordline on the upper and lower surfaces. The transition 
trips consisted of sparsely distributed 0.13-ca-wide (O.OS-ln.) bands of car- 
borundum grains, sized according to the technique in reference 12 and attached 
to the surface with clear lacquer. 

PRESENTATION OF RESULTS 

The results of this investigation are arranged in the following figures: 

Figure 

Effect of angle of attack and Reynolds number on the upper-surface 

spanwise pressure distributions. N>0.15 5 

Tuft photographs of the effect of angle of attack on the ufqper- 

surface flow pattern. N>0.15; R>2.0xio^ 6 

Effect of fixing transition on section characteristics. M * 0.15 ... 7 

Effect of fixing transition on chordwise pressure distributions. 

M » 0.15 8 

Variation of pressure coefficient on upper surface at particular 

chordwise stations with angle of attack. N » 0.15, model smooth ... 9 

Variation of pressure coefficient on upper surface at particular 
chordwise stations with angle of attack. N ^ 0.15, transition 

fixed 10 

Effect of Re./nolds number on section characteristics. N « 0.15, 

transition fixed 11 

Effect of angle of attack and Reynolds number on the chordwise 

pressure distribution. M ■ 0.15, transition ^ixed 12 

Effect of Reyr.olds number on base and upper-surface pressure 

coefficients. M « 0.15, transition fixed 13 

Variation of minimum drag coefficient with Reynolds number. 

M « 0.15 14 

Variation of maximum lift coefficient with Reynolds number. 

M a 0.15, transition fixed 15 

Effect uf Reynolds number on chordwise pressure distribution. 

N « 0.15, 01 • 8^, transition fixed 16 

Variation of section drag coefficient with Reynolds number. 

M«0.15, CjoQ.O «’.nd 0.7, transition fixed 17 

Effoct of Nach numl^r on section characteristics. R « 6.0 x 19^, 

transition fixed 18 

Variation of maximum lift coefficient with Nach number. 

R ■ 6.0 X 10^, transition fixed 19 

Effect of Nach number on the chordwise pressure distributior; for 
angles of attack near maximum lift. R * o.O x iq 6, transition 

fixed 20 

Effect of angle of attack on the chordwise pressure distribution. 

N ■ 0.32, R » 6.0 X 10^, transition fixed 21 
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rigur* 


Bff«ct of Mach nuatbar on tha chordwiaa pcasaura dlsttibutlon. 

R*6.0k 10^, a*» 8^, tranaition fixad 22 

Bffact of Raynolda nuaibac on N ■ 0.1S» aodal aaooth 23 


DISCUSSION 

Two DiaMnsionallty of Plow 

Tha spanwlaa pcasaura distributions shown in figura 5 indicate that tha 
flow ovar tha aodal rmutinad two disansional to anglas of attach at idiich ataxi- 
nuai lift coafficiants occurrad. Por axaaqpla* tha flow at R ■ 2.0 x and 
a ■ 16^ (shown in fig. 11 to ba naar SAxiaiuai lift conditions) is indicated in 
figura 5(a) to ba two diamnsional in charactar avan though a considarabla 
region of sapar'^tion ovar tha rear upper surface is shown in tha tuft photo- 
graphs of figura 6. Correlation of tha anglas of attack for staxinun lift for 
tha other test Reynolds nuMbars (fig. 11) with tha corresponding spanwisa pres- 
sure distributions in figura 5 indicate siailar results. 

Ill addition to tha flow over tha airfoil canaining two dinansional to 
anglas of attack *>ayond naxisun lift# tha tuft photographs for R ■ 2.0 « 10^ 
(fig. €) show *^at tha flow on tha tunnel sidewall above tha aodal ras«ins 
attached until an &.igla of attack of 17°, which is also beyond ataxinuai lift. 


Bxpacinantal Results 

In brief# airfoil characteristics varied systaaatically ovar tha range of 
test conditions and behaved in a conventionally accepted manner > ina largest 
measured value of Cj^bh^x about 2.2 and occurrad naar ^ 0.15 at a 
Reynolds number of 12.0 « 10^. (See figs. 15 and 18.) Tha variation lift 
with angle of attack# at tha lower Mach numbers and all Reynolds numbers, 
exhibited behavior generally associated with gradual trailing- edge separation 
in tha prestall angla-of-attack range# but tha stall itself was T!ora abrupt 
than would be expected of classical trailing-adga stall. (Sea figs. 11 and 
18.) Tha stall became more gradual at tha higher Mach numbers. Drag ramainao 
essentially constant ovar a lift range which extended from near taro to beyond 
the design lift coefficient of 0.7 (figs. 11(c). 17# and 16) for a constant 
Reynolds number with fixed transition. 

Effects of fixing transition (fig. 7) .- Because of the viscous decamber ing 
effect of the thicker boundary layer# fixing transition near the leading edge 
generally resulted in decreased lift# increased drag# and less negative pitch- 
ing moments. The effects were more pronounced at the lower lift coefficients 
and Reynolds numbers where the greatest extent of laminar flow would exist for 
the smooth model. Shown in figure 8(a) are the pressure distributions for 
01 ■ -2° and R ■ 2.0 x 10^# where the greatest effect of fixing t. ansition 
was observed. The low Reynolds number and the near sero pressure gradients 
would encourage a long run of laminar flow before natural transition would 
oco. ' for the smooth mode) . 
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These effects generally decreased with increases in either angle of attack 
or Reynolds number. The reduced effects with increased angle of attack are 
associated with the steep adverse pressure gradient of the leading-edge suction 
peak at high angles idiich causes natural transition to occur near the leading 
edge on the upper surface. The reduced effects with increased Reynolds number 
are due to the thinner boundary layers, the tendency for natural transition to 
occur nearer the leading edge, and the higher wind-tunnel turbulence level 
tdiich would also induce earlier transition. 


The small differences at the higher angles of attack may not be completely 
explained because of the inability to determine the relative positions of 
boundary-layer transition between free and fixed transition on the lower sur- 
face. This inability to determine lower-surface boundary-layer transition at 
high angles of attack is due to the favorable pressure gradient over a large 
portion of the lower surface and to the fact that the lower-surface transition 
strip was ahead of the stagnation point at high angles and, therefore, say not 
have properly tripped the lower-surface boundary layer. 


The general effect of fixing transition and its trend with increasing 
Reynolds number reverses at high euigles of attack for R = 18.0 x 10^. Shown 
in figure 7(f) are increased lift, increased pitching moments, and reduced drag 
with fixed transition. These results are believed to be associated with the 
elimination, or reduction in size, of a small laminar-separation bubble on the 
airfoil upper surface by the introduction of roughness near the stagnation 
point on the lower surface. Tabulated pressure distributions (not presented) 
indicate that at a, - 12°, where the lift curves of figure 7(f) first diverge, 
the stagnation point has moved to a lower-surface location corresponding to the 
trip location (0.05c). The presence ^.f a l.sminar-separation bubble can only be 
ass'imed since there are no discernible discontinuities or plateaus in the pres- 
sure coefficients plotted against angle of attack for given chordwise stations 
shown in figures 9 and 10. Such disconcinuities are usually indicative of the 
presence of a bubble of separated flow. 


Since natural transition usually occurs near the leading edge of airfoils 
in actual flight conditions because of the roughness of construction or of 
insect remains gathered in flight, the remainder of the data discussed in this 
report (except for the comparison with other airfoils shown in fig. 23) will 
be with transition fixed at 0.05c on both upper and lower surfaces. 


Stall characteristics .- The shape of the lift curve (fig. 11(a)) in the 
prestall region is associated with a progressive separation or thickening of 
th'' curbulent boundary layer in the region of the trailing edge where the lift 
curve slope begins to decrease at the onset of trailing-edge separation. The 
appearance of trailing-edge separation is also manifested by a flattening of 
the pressure distribution at the rear of the airfoil (fig. 12) and by diver- 
gence of the pressure coefficients over and near the trailing edge. (See 
fig. 13 ) 

Although M.e shape of the lift curve in the prestall region is character- 
istic of thick airfoils (thickncus ratios of approximately 0.12 or greater) 
which stall as a result of trailing-edge boundary- layer separation, the actual 
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stall is shown in figure 11 as a sudden, sharp loss of lift usually associated 
with leading>edge separation on airfoils of more moderate thickness. 

Generally, airfoils which stall as a result of trailing-edge separ'> 
have relatively flat pressure distributions over a large region t(»fa>''’ ae z 
of the airfoil at maximum lift, but the peak suction pressures near ' - leadiu 
edge continue to increase after the stall resulting in a lift curve with roundeu 
maximum. Airfoils «Aich stall as a result of leading-edge stall, however, show 
a continual increase of the peak pressures near the leading edge up to the 
emgles of attack for maximum lift, followed by an abrupt collapse of the 
leading-edge pressures. 

The pressure distributions of figure 1 2 show that, at angles of attack for 
maximum lift conditions, trailing-edge separati*m extends over about 20-percent 
of the chord. After stall, however, the upper-surface separation has spread to 
almost 90-percent of the chord. Except for the lowest Reynolds number of 

2.0 X 10^ (fig. 12(a)), there is only a partial collapse of the leading-edge 
peak which indicates that stall was caused by a precipitous forward movement 
of the trailing-edge separation. 

Effects of Reynolds number (fig. 11) .- As the Reynolds number increased 
from the lowest value of 2.0 x 10** to 12.0 x 10® at M * 0.15, lift increased, 
pitching moments became more negative, and drag decreased (minimum drag sum- 
marized in fig. 14) due to the thinning of the boundary layer. Because the 
thinner boundary layer is more resistant to separation, the maximum lift coeffi- 
cient (fig. 15) increased from 1.84 to 2.23 over this range of Reynolds numbers. 
As Reynolds number was further increased to 18.0 x lO® the maximum lift coeffi- 
cient decreased to 2.1 5. In addition, higher values of drag and less negative 
pitching moments at high lift coefficients for R ® 18.0 x 10® compared with 
R = 12.0 X iq 6 ai-e indicated in figure 11. These reversals in the trend of 
the variation of the aerodynamic characteristics with Reynolds number are due 
to a greater amount of trailing-edge separation for R * 18.0 x 10^ compared 
to R = 12.0 X 10®. (See fig. 12.) 

Al tlic'.'gh the experimental data is not detailed enough to explain this 
phenomenon, it is possible that increasing Reynolds number froir. 12.0 x 1 0® to 

18.0 X 10® moved the reattachment location of the laminar }eparation bubble 
which altered the initial thickness of the reattached turbulent boundary layer 
in such a manner as to promote increased trailing-edge separation. 

Effects of Mach numbei (fig. 18) .- The effects of Mach number on the maxi- 
mum lift coefficient at a Reynolds number of 6.0 x io®, shown in figure 18, are 
summarized in figure 19. There is a decrease in the maximum lift coefficient 
and in the angle of attack for maximum lift with increasing Mach number, which 
becomes appreciable above M *> 0.20. 

In reference 1 3, the decrease in maximum lift with Mach number is related 
to the appearance of local supersonic flow near the leading edge. In figure 20, 
it is shown that supersonic flow was encounted near stall for Mach numbers of 
0.28 and 0.32. Although the zone of supersonic flow may be small, the result- 
ing recompression of the flow thickens the boundary layer and increases the 
tendency for turbulent sr Deration at the rear of the airfoil. 
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The stall characteristics are much less abrupt at the higher Mach numbers 
(fig. 18) due to a more gradual forward progression of the trailing-edge sepa- 
ration. (Compare fig. 21 with fig. 12(c).) 


Comparison of Maximum Lift Characteristics With Other Airfoils 

Maximum lift characteristics of the SC (2) -071 4 are compared with those 
of the NASA low- and medium-speed airfoils (refs. 14 and 15) and NACA airfoils 
(ref. 16) in figure 23. 

This comparison shows the maximum lift coefficients for the SC(2;-0714 air- 
foil to be about 0.1 greater than for the NASA low-speed airfoils, almost 0.2 
greater than for ‘he NASA medium-speed airfoils, and from 0.5 to 0.6 greater 
than for the NACA airfoils. Because of the greater aft camber, the pitching- 
moment coefficient of the supercritical airfoil is about -0.13 at zero lift, 
compared to about -0.10 for the low-speed airfoils, about -0.07 for the medium- 
speed airfoils, and near zero for the NACA 2301 5. 

Higher maximum lift could, of course, be achieved with conventional air- 
foils through increased camber. Maximum lift coefficients a{qproaching that of 
the supercritical airfoil are reported for a NACA 6716 four-digit airfoil in 
reference 17, for excunple, but those higher maximum lift coefficients are accom- 
panied fcy pitching-moment coefficients of approximately -0.20 amd separation 
over the trailing edge at low aingles of attack. 


CONCLUDING REMARKS 

Wind-tunnel tests have been conducted to determine the low-speed two- 
dimensional aerodynamic characteristics of a 14-percent-thick NASA supercriti- 
cal airfoil with a design lift coefficient of 0.7. This report documents the 
experimental results of these tests. Free-stream Mach number ranged from 0.10 
to 0.32, and the chord Reynolds number varied from 2.0 x 10^ to 18.0 x 10^. 
Analysis of the results indicate the following general conclusions: 

1. Maximum lift coefficient increased with Reynolds number from 2.0 x 1 0^ 
to 12.0 X 10^ (M = 0.15) and attained a value of about 2.2. A small decrease 
in maximum lift was observed with further increase in Reynolds number to 

18.0 X 10®. 

2. Maximum lift coefficient decreased with increased Mach number 
(R = 6.0 X 10®), the decrease became significant above M •> C.20. 

3. The application of a transition strip near the leading edge resulted 
in only small effects in maximum lift since natural transition occurred near 
the upper-surface leading edge due to the adverse pressure gradient associated 
with the suction peak at high angles of attack. 

4. The shape of the prestall lift curve was characteristic of a gradual 
trailing-edge stall, but the stall itself was abrupt and attributed to a pre- 
cipitous forward movement of the trailing-edge separation point. 
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S. Drag remained essentially constant over a lift range which extended 
fron near zero to beyond the design lift coefficient for a constant Reynolds 
number with transition fixed. 


Lemgley Research Center 

National Aeronautics and Space Administration 
Hampton > VA 23665 
November 26, 1980 
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TABLE I.- SECTION OCWRDINATES FOR SC(2)-0714 
|c » 61 .0 cm (24 in.); leading-edge radius - 0.030<^ 


x/c 

(*/c)u 

(*/c) j 

x/c 

(*/C)u 

(x/c ) 1 

0.0000 

0.0000 

0.0000 

0.240 

0.0659 

-0.0661 

• 002 

.0108 

-.01 08 

.250 

.0665 

-.0667 

.005 

.01 67 

-.0165 

.260 

.0670 

-.0672 

.010 

.0225 

-.0223 

.270 

.0675 

-.0677 

.020 

.0297 

-.0295 

.280 

.0679 

-.0681 

.030 

.0346 

-.0343 

.290 

.0683 

-.0685 

.040 

.0383 

-.0381 

.300 

.0686 

-.0688 

.050 

.0414 

-.0411 

.310 

.0689 

-.0691 

.060 

.0440 

-.0438 

.320 

.0692 

-.0693 

.070 

.0463 

-.0461 

.330 

.0694 

-.0695 

.080 

.0484 

-.0481 

.340 

.0696 

-.0696 

.090 

.0502 

-.0500 

.350 

.0698 

-.0697 

.100 

.0519 

-.0517 

.360 

.0699 

-.0697 

.110 

.0535 

-.0533 

.370 

.0700 

-.0697 

.120 

.0549 

-.0547 

.380 

.0700 

-.0696 

.130 

.0562 

-.0561 

.390 

.0700 

-.0695 

.140 

.0574 

-.0574 

.400 

.0700 

-.0693 

.150 

.0585 

-.0585 

.410 

.0699 

-.0691 

.160 

.0596 

-.0596 

.420 

.0698 

-.0689 

.170 

.0606 

-.0606 

.430 

.0697 

-.0686 

.180 

.0615 

-.0616 

.440 

.0696 

-.0682 

.190 

.0624 

-.0625 

.450 

.0694 

-.0678 

.200 

.0632 

-.0633 

.460 

.0692 

-.0673 

.210 

.0640 

-.0641 

.470 

.0689 

-.0667 

.220 

.0647 

-.0648 

.480 

.0686 

-.0661 

.230 

.0653 

-.0655 

.490 

.0683 

-.0654 
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TABLE I.- Concluded 


0 


x/c 


( 2 / C)u 


(2/c) J 


x/c 


(*/c) u 


(*/c ) I 


.500 

.510 

.520 

.530 

.540 


0 


.550 

.560 

.570 

.580 

.590 

.600 

.610 

.620 

.630 

.640 

.650 

.660 

.670 

.680 

.690 

.700 

.710 

.^20 

.730 

.740 

.750 


0680 

0676 

0672 

0668 

0663 


- 0 . 


0658 
0652 
0646 
0640 
0634 
0627 
0620 
061 3 
0605 
0596 
0587 
0578 
0568 
0558 
0547 
0536 
0524 
0512 


0499 

0486 

0472 


0646 

0637 

0627 

0616 

0604 

0591 

0577 

0562 

0546 

0529 

0511 

0493 

0474 

0454 

0434 

0413 

0392 

0371 

0349 

0327 

0305 

0283 

0261 

0239 

0217 

0195 


0.760 

.770 

.780 

.790 

.800 

.8..0 

.830 

.840 

.850 

.860 

.870 

.880 

.890 

.900 

.910 

.920 

.930 

.940 

.950 

.960 

.970 

.980 

.990 


0 . 


0457 

wBiwim 

0442 


0426 

■Big 

0409 

-.0113 

0392 

-.0095 

0374 

-.0079 

0356 

-.0064 

0337 

-.0050 

0317 

-.0038 

0297 

-.0028 

0276 

.0020 

0255 

-.0014 

023 " 

-.0010 

02 

-.0008 

0186 


01 62 

-.0011 

0137 

001 6 

0111 

-.0024 

0084 

-.0035 

0057 

-.0049 

0029 

-.0066 


-.0086 

0030 

-.01 09 


-.01 36 


-.01 65 


1 .000 

















lop Vl«w 



Figure 2.- Typical airfoil mounted in wind tunnel. All dimensions are 
in terms of airfoil chord; c •• 61 .0 cm (24.0 i.i.). 
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Figure 5.- Continued 
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Figure 5.- Continued 
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Figure 7.- Continued 
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Figure 7.- Continued 
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Figure 7.- Continued 
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Figure 7.> Continued 
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Figure 7.- Continued 
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Figure 7.- Concluded 
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Figure 8.- Concluded 
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(b) R = 4.0 X 10®. 

Figure 9.- Continued. 
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(a) R = 2.0 X TO®. 

Figure 10.- Variation o£ pressure coefficient on upper surface at particular 
chordwise stations with angle of attack; M = 0.15, transition fixed. 
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Figure 10.- Concluded. 
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Figure 11.- Continued 
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Figure 11.- Continued 
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Figure 12.- Continued 
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Figure 12.- Continued 
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Figure 12.- Continued 
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Figure 12.- Continued 
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Figure 12.- Continued 
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Figure 12.- Continued. 
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Figure 12.- Continued 
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Figure 12.- Concluded 
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fa) Base of model. 

Figure 13.- Base and ui^r-surface pressure coefficients; 

transition fixed. 
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Figure 14 .- Variation of minimum drag coefficient with Reynolds number; 
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0.15, transition fixed 
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Figure 16.- Effect of Reynolds number on chordvrise pressure distribution; 
M » 0.15, a * 8^, transition fixed. (Flagged symbols Indicate lower 
surface. ) 
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L Igure 18.- Concluded 
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Figure 19.- Variation of maxii 
R * 6.0 X i( 
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Figure 20.- Concluded 
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Figure 22 .- Concluded 



